INTRODUCTION
Mandibular defects lead to severe deformation and functional deficiency [1] . Recently, vascularized osteocutaneous tissue grafts have been widely used to reconstruct the mandible [2, 3] . In this case, we used computer-assisted design to fabricate a titanium implant based on a three-dimensional (3D) computed tomography (CT) image of the patient's preoperative facial bone. This fabrication technique provided an anatomically customized reconstruction material for the patient.
CASE REPORT
A 48-year-old female patient was presented with a history of a
Mandibular reconstruction using customized threedimensional titanium implant
Mandibular defects lead to severe deformation and functional deficiency. Vascularized osteocutaneous tissue has been widely used to reconstruct the mandible. However, it is technically challenging to shape this type of grafts in such a manner that they resemble the configuration of the mandible. A 48-year-old female patient who underwent anterolateral thigh (ALT) flap coverage after a tongue cancer excision was diagnosed with a tumor recurrence during the follow-up. A wide excision mandibulectomy and mandibular reconstruction with an ALT flap and a titanium implant were performed. The prefabricated titanium implant was fixed to the condyle. Then, an ALT flap was harvested from the ipsilateral thigh and anastomosed. After confirming that the circulation of the flap was intact, the implant was fixed to the parasymphysis. On the radiograph taken after the surgery, the prosthesis was well positioned and overall facial shape was acceptable. There was no postoperative complication during the follow-up period, 1 year and 2 months. The prefabricated implant allows the restoration of facial symmetry without harvesting autologous bone and it is a safe and effective surgical option for mandibular reconstruction. files and imported into MIMIC software (Materialise, Leuven, Belgium) [4] . The 3-matic software (Materialise) was used to build mesh arrays with geometries based on structural elements ( Fig. 1 ) [4, 5] . The designed implant was manufactured using an A1 metal 3D printer (Arcam, Molndal, Sweden) [6] , with a biocompatibility material (Ti-6AL-4V-ELI medical grade powder) which is composed of titanium, aluminum, and vanadium [7] .
A wide excision and left mandibulectomy was performed fol-153
www.e-acfs.org lowed immediately by a mandible, mouth floor, and tongue reconstruction with a titanium implant and an ALT free flap (Figs.
2, 3). As planned before surgery, the mandibulectomy created a large defect and a challenging reconstruction. First, the prefabricated titanium implant was fixed with a 2.4-mm screw to the condyle. Then, a 14×10-cm ALT flap was harvested from the ipsilateral thigh and anastomosed to the lingual artery and the internal jugular vein (Fig. 4) . After confirming that the circulation of the flap was intact, the implant was fixed to the parasymphysis with a 2.4-mm screw. On the radiograph that was taken after surgery, the prosthesis appeared well positioned and the overall facial shape was acceptable (Fig. 5) . The patient was capable of mastication and no suspicious tumor recurrence was observed on the follow-up CT. Due to the recurrence of the disease after the previous operation, the patient underwent adjuvant radiation and chemotherapy. 
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DISCUSSION
Bone defects in the mandibular region lead to severe deformation and impaired mastication, speech, swallowing, and respiration [8] .
Mandibular reconstruction surgery is necessary not only to improve the appearance of the facial contour but also to improve the patient's quality of life. In 1989, Jewer et al. [9] described a classification system for mandibular defects. According to Jewer's HCL (H, hemimandibular; C, central; L, lateral) classification system, H defects are lateral defects that include the condyle, C defects involve the entire symphyseal area, and L defects are lateral defects that do not include the condyle.
Several treatment modalities have been developed to recover the original configuration of the mandible. In 1986, Gullane et al.
[10] reported their use of myocutaneous flap in combination with stainless steel plate for restoration of mandibular defect following surgical resection. Nonvascularized bone grafts, such as those harvested from the iliac crest, have also been used [11, 12] . However, the use of nonvascularized bone grafts is limited in the reconstruction of large defects or in cases where adjuvant radiotherapy is needed [13] . Recently, vascularized osteocutaneous grafts have been widely used to reconstruct the mandible. Bone grafts, such as a fibula free flap graft, can provide a sufficient amount of bone material to fill large mandibular defects [8] . Furthermore, a two-team surgical approach can be used when harvesting the vascularized fibula [14] . Most recently, computer-aided design and computer-aided manufacturing (CAD/CAM) techniques have been applied to mandibular reconstruction. By conducting a preoperative surgical simulation using the reconstruction plate as the surgical template, the accuracy of the reconstructive surgery can be improved [15] .
Among the many surgical options, free vascularized osteocutaneous grafts have become the method of choice for most cases.
However, there are some disadvantages associated with this technique. First, over the long-term, small amounts of bone graft volume loss can occur due to the absorption of the autologous tissue [12] . Second, there can be donor site morbidity due to the bone and soft tissue harvesting. Most graft sites are closed during the primary surgery but some may require additional skin grafts [16] .
Third, because of the need for microsurgery, this type of graft is technically challenging and long operation times are required [8] .
Fourth, it is difficult to shape the graft to resemble the original configuration of the mandible [8] .
In the present case, we used individualized mandible implants that could be designed and fabricated in a relatively short time.
The implants were fixed to the surrounding bone, provided a better fit, and covered a large defect. This study had the following limitations. This technique has not been applied to Jewer's H defects that include the condyle. It also needs to be tested in the reconstruction of defects of the symphysis and the parasymphysis.
Another limitation was that our long-term follow-up ended at 14 months. It might be necessary to observe the prosthesis for a longer period to confirm that it is well maintained.
In 2004, Schoen et al. [17] reported negative effects of radiation on osteointegration of dental implants. In addition, according to the study of Ryu et. al. [18] in 1995, in cases reconstructed with bridging titanium after mandibulectomy, the patients who received radiation therapy within 10 months after surgery had more loss of titanium plate than those who did not. However, it seems that there has been no definite study investigating the effect of radiation or chemotherapy on the prognosis after reconstruction with a prefabricated titanium implant in cases requiring mandibulectomy. As a result, in our case, adjuvant therapy seems to have no adverse effect on prosthesis or soft tissue flap during the follow-up period for 14 months.
The prefabricated implant allows the restoration of facial symmetry without harvesting autologous bone. To the best of our knowledge, this is the first reconstruction of the mandible with a titanium implant. We found this technique to be safe and effective with a shorter operation time, less donor site morbidity, and a better aesthetic outcome compared to a vascularized autologous reconstruction using the fibula, radius, and scapula.
